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Key messages
What is already known on this subject
 ► Targeted prehospital critical care has been 
widely adopted as part of many Emergency 
Medical Services (EMS) systems worldwide. 
There are several studies suggesting that 
physician- led prehospital critical care is 
associated with an outcome benefit for trauma 
patients.
 ► There is however no definitive evidence of 
benefit, particularly in the UK.
What this study adds
 ► When trauma patients in Scotland are treated 
in the prehospital environment by paramedics 
assisted by a critical care team, versus 
paramedics providing sole care, patients have a 
higher chance of survival at 30 days following 
hospital admission.
ABSTRACT
Background Scotland has three prehospital critical 
care teams (PHCCTs) providing enhanced care support 
to a usually paramedic- delivered ambulance service. 
The effect of the PHCCTs on patient survival following 
trauma in Scotland is not currently known nationally.
Methods National registry- based retrospective cohort 
study using 2011–2016 data from the Scottish Trauma 
Audit Group. 30- day mortality was compared between 
groups after multivariate analysis to account for 
confounding variables.
Results Our data set comprised 17 157 patients, with 
a mean age of 54.7 years and 8206 (57.5%) of male 
gender. 2877 patients in the registry were excluded due 
to incomplete data on their level of prehospital care, 
leaving an eligible group of 14 280. 13 504 injured adults 
who received care from ambulance clinicians (paramedics 
or technicians) were compared with 776 whose care 
included input from a PHCCT. The median Injury Severity 
Score (ISS) across all eligible patients was 9; 3076 
patients (21.5%) met the ISS>15 criterion for major 
trauma. Patients in the PHCCT cohort were statistically 
significantly (all p<0.01) more likely to be male; be 
transported to a prospective Major Trauma Centre; have 
suffered major trauma; have suffered a severe head 
injury; be transported by air and be intubated prior to 
arrival in hospital. Following multivariate analysis, the OR 
for 30- day mortality for patients seen by a PHCCT was 
0.56 (95% CI 0.36 to 0.86, p=0.01).
Conclusion Prehospital care provided by a physician- 
led critical care team was associated with an increased 
chance of survival at 30 days when compared with care 
provided by ambulance clinicians.
InTROduCTIOn
Trauma results in considerable morbidity and 
mortality throughout the world.1 The quality of 
care given to patients before they reach hospital 
has a critical effect on their chances of survival.2 
Trauma remains a leading cause of morbidity and 
mortality among people under 40 years and the 
standard of prehospital care they receive has signif-
icant effects on their future quality of life and func-
tional ability.3 In the UK, and most of the developed 
world, prehospital care for major trauma patients 
is routinely delivered by emergency medical tech-
nicians and paramedics. The skillset and current 
scope of practice of these clinicians, however, limits 
the range of life- saving interventions which can be 
given to the patient before they reach hospital.4
A UK- wide report, Trauma: Who Cares?5 
published in 2007 showed that a significant number 
of seriously injured patients in the UK died due 
to limitations in their care before they reached 
hospital. Principally, these deaths were from airway 
obstruction, chest injuries and hypovolaemic shock, 
suggesting that ambulance clinicians’ existing capa-
bilities do not always meet the needs of severely 
injured adult patients. Paramedics in Scotland 
have a low exposure to minor/moderate and major 
trauma patients, the latter equating to 0.3% of 
annual incident volume (personal communication, 
Sinclair 2019). In addition to this, the vast majority 
of paramedics in Scotland do not have enhanced 
critical care skills, leading to potential challenges 
in treating the most critically injured patients 
independently.
Scotland’s population of 5.4 million people is 
served by a single statutory ambulance provider—
the Scottish Ambulance Service—covering a mixed 
urban and rural population. Like other parts of 
the UK, specialist prehospital critical care teams 
(PHCCTs) are deployed to incident scenes where 
patients are thought to have sustained serious inju-
ries. The teams have high levels of experience in 
trauma management and also have extended skills 
in patient assessment and treatment. These capa-
bilities include prehospital emergency anaesthesia 
(PHEA), advanced analgesia and sedation, open/
tube thoracostomy, thoracotomy, resuscitative 
hysterotomy and surgical cricothyroidotomy.
Scotland has three PHCCTs: Medic 1 (based in 
Edinburgh) and the Tayside Trauma Team (Dundee) 
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respond by road from ED, while the Emergency Medical 
Retrieval Service (Glasgow) responds by both land and air. All 
teams are staffed by a doctor, who is a consultant or senior 
registrar in a critical care specialty, accompanied by a nurse or 
paramedic with extended skills in trauma and critical care. They 
may have additional staff members present for supervision and/
or training purposes. During the period studied, the Emergency 
Medical Retrieval Service was available to respond immediately 
0800–1800 every day, with a longer response time overnight. 
The other two teams are both essentially available at any time as 
they deploy staff directly from an ED.
Unlike many other parts of the UK, Scotland’s air ambu-
lance provision is not directly linked with the availability of a 
critical care team. During the study period, two of the three 
rotary air ambulances (in Inverness and Perth) were staffed 
by a paramedic- only crew for primary missions. The third, in 
Glasgow, was staffed by paramedics 24/7, with a critical care 
team from the Emergency Medical Retrieval Service available 
on base to augment this level of care from 0800 to 1800, and 
available on call from home outwith these hours, but only called 
in for prolonged entrapment or other cases where the timescale 
made this worthwhile.
In more rural areas, the Scottish Ambulance Service’s response 
may be augmented by voluntary responder schemes such as those 
of BASICS (the British Association for Immediate Care) Scot-
land, meaning that some patients will be seen by a non- critical 
care doctor (often a local General Practitioner) or nurse in addi-
tion to standard (non- PHCCT) ambulance care.
Specialist PHCCTs are scarce and expensive, so the effects 
of their interventions should be robustly assessed. Evidence to 
support the postulated benefits of their attendance, compared 
with an ambulance clinician response, is not completely estab-
lished, and the relative lack of high- quality evidence in the field 
was reinforced by the inclusion of this research topic in a list of 
the top five prehospital research priorities agreed by a European 
collaboration in 2011.6 We aimed to use national trauma registry 
data to assess the association between mortality and the presence 
of a PHCCT in severely injured adult patients.
MeThOdS
data set
We performed a secondary analysis of data from a routinely 
collected national trauma registry, covering the six calendar years 
2011–2016. The Scottish Trauma Audit Group (STAG) is part of 
the Information Services Division of NHS Scotland. As part of 
an ongoing national project, trauma patients admitted to any of 
the 25 major hospitals in Scotland are eligible for inclusion in 
STAG’s data collection. The usual inclusion criterion is a stay in 
hospital of 3 days or more, although any patients who die during 
their admission, or are initially managed in the resuscitation area 
of an ED, are included regardless. A comprehensive list of inclu-
sion and exclusion criteria is included in online supplementary 
appendix A (a supplementary file which is only available online).
Patients’ injuries were graded using Abbreviated Injury Scale 
(AIS) 2005 descriptors7 and these gradings used to calculate 
Injury Severity Scores (ISS)8 for all patients. Data were then 
entered onto a computer database.
data validation
Prior to data extraction, the primary database underwent a 
quality assurance process to ensure the validity of data. Each 
individual patient record was checked against possible queries 
including impossible values and logic flaws between connected 
data fields. If the electronic record flagged one of these queries, 
then the electronic record was cross- referenced against the 
original paper collection form. For this study, the data set was 
limited to patients over the age of 16 years, as we only wished to 
investigate adult patients.
data extraction
Data for each patient included age, gender and ISS. It also indi-
cated whether a physician had attended the accident scene, 
whether that physician was from one of the three critical care 
teams and whether the patient had been intubated. The data do 
not differentiate between patients intubated, without drugs, by 
paramedics and those who received PHEA from a PHCCT.
data definitions
PHCCT attended patients—this was defined as the attendance 
of one of the SAS supported PHCCTs at a trauma patient during 
their prehospital care, and subsequent PHCCT escort to destina-
tion. Patients were included regardless of whether any PHCCT 
intervention was delivered. Any other medical, paramedical or 
nursing attendance prior to hospital arrival, without PHCCT’s 
presence, was classified as routine care.
Major trauma—injuries comprising an ISS8 of greater than 15.
Severe head injury—any injury in head or face region with AIS 
of 3 or greater.
Prospective Major Trauma Centre (MTC)—during the study 
period, there were no designated MTCs officially operating. 
However, the Scottish Trauma Network was under development 
during the study period and four centres were provisionally 
designated to become an MTC. All four are tertiary university 
hospitals with onsite neurosurgical capability.
Scottish Index of Multiple Deprivation9—SIMD is made of 
19 component indicators from across seven domains: income, 
access, education, housing, crime, employment and health.
30- day mortality status—this was determined by whether the 
patient was alive or dead exactly 30 days after their trauma inci-
dent using data from the National Records of Scotland.
Outcome measure
The primary outcome measure was 30- day mortality.
Statistical analysis
The differences between the PHCCT and non- PHCCT groups 
were initially assessed using t- tests for continuous variables and 
proportion tests for categorical variables. The t- tests assume 
unequal variance.
Given the binary primary outcome variable, logistic regres-
sion was used as the modelling approach. This method has been 
used previously for trauma data as well as for the Trauma Audit 
and Research Network (TARN) and Trauma and Injury Severity 
Score (TRISS) models. The covariates included in the analysis 
were PHCCT, gender, age, ISS, GCS, prehospital intubation, 
mode of transport to hospital, MTC care, severe head injury 
and social deprivation (as measured by SIMD quintile). GCS was 
categorised into five groups and an age–gender interaction term 
was also included. The significance level was 0.05 (equivalent to 
95% CI).
Past research has noted that age and ISS typically exhibit a 
non- linear relationship with trauma mortality and, in antici-
pation of this occurring in our analysis, the logistic regression 
model was extended from a generalised linear model to a gener-
alised additive model or GAM,10 11 which allows for non- linear 
forms of covariates. Many studies avoid addressing non- linearity 
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Figure 1 STROBE patient flow diagram. PHCCT, prehospital critical 
care team; STROBE, Strengthening the Reporting of Observational 
Studies in Epidemiology.
Table 1a Summary of other key categorical variables and PHCCT 
attendance (yes/no)
Variable Category
PhCCT non- PhCCT
n % n %
Gender Male 565 72.8 7641 56.6
Female 211 27.2 5863 43.4
Patient taken to 
prospective Major 
Trauma Centre (MTC)
Yes 595 76.7 4421 32.7
No 181 23.3 9083 67.3
Mode of transport to 
hospital
Land ambulance 569 73.3 13 288 98.4
Air ambulance 207 26.7 216 1.6
Severe head injury Yes 194 25.0 2354 17.4
No 582 75.0 11 150 82.6
Prehospital intubation Yes 212 27.3 109 0.8
No 564 72.7 13 395 99.2
Major trauma (Injury 
Severity Score: ISS >15)
Yes 444 57.2 2632 19.5
No 332 42.8 10 872 80.5
Scottish Index of Multiple 
Deprivation (SIMD) 
Quintile
1 (most deprived) 164 21.1 3644 27.0
2 128 16.5 2729 20.2
3 143 18.4 2153 15.9
4 115 14.8 1903 14.1
5 (least deprived) 102 13.1 1615 12.0
Unknown 124 16.0 1460 10.8
PHCCT, prehospital critical care team.
Table 1b Summary of other key continuous variables and PHCCT 
attendance at scene (yes/no)
Variable
PhCCT non- PhCCT
Min. Median Mean Max. Min. Median Mean Max.
Age (years) 16 45 45.4 95 16 56 55.3 103
Injury 
Severity 
Score (ISS)
4 17 20.9 75 1 9 11.5 75
GCS 3 14 11.9 15 3 15 14.1 15
ISS, Injury Severity Score; PHCCT, prehospital critical care team.
in continuous variables by simply categorising the values into 
distinct groups. However, this approach discards information 
and the groupings are usually arbitrary. Fractional polynomials 
for age and injury severity can be used12 13 but GAMs are more 
flexible and data- driven.
We used a Microsoft Excel spreadsheet to collate all data, and 
processed them using R14 and its add- on ‘mgcv’ package11 for 
GAM fitting.
Patient and public involvement
Patients and the public had no input into decisions regarding the 
research question, outcome measures, study design or recruit-
ment to (or conduct of) the study. Patients and the public were 
not asked to assess the burden of the intervention, or time 
required to participate in the research. However, as this study 
retrospectively examined existing practice, there was no change 
to the existing care received, or its duration, for those who were 
studied.
Patients and the public were not involved in our plans to 
disseminate the study results to participants and relevant wider 
patient communities. However, anyone who wishes to read our 
work will be able to do so free of charge via Open Access.
ReSulTS
There were 17 157 patients (between 1 January 2011 and 31 
December 2016) in the data set who were eligible for anal-
ysis. Of these 17 157 patients, 776 (4.5%) saw a PHCCT and 
13 504 (78.7%) saw other healthcare personnel—usually a para-
medic team, but potentially a nurse or non- PHCCT physician. 
No level of care information was available for the remaining 
2877 (16.8%) patients. These were not included in the analysis, 
leaving 14 280 with complete data (figure 1).
Patient characteristics dependent on whether PHCCTs were 
present are shown in table 1a and b.
Of note, 5.4% of patients were attended by a PHCCT. The 
crude mortality rate is higher in the PHCCT group (14.8%) than 
the non- PHCCT group (6.5%).
Prehospital time is poorly recorded in the data we received 
from STAG, with 55% of PHCCT cases and 18% of non- 
PHCCT cases missing data on this variable. When considering 
cases where prehospital time is recorded, PHCCT patients did 
tend to have a longer prehospital time, by approximately 21–22 
(mean 83.4 vs 64.6; median 77.1 vs 55.0) min. The significant 
lack of completeness of the time data means it is not a robust 
variable and we therefore excluded it from further analysis.
univariate analysis
To assess the statistical significance of the differences between 
the PHCCT and non- PHCCT groups, two- sample proportion 
tests were carried out for the categorical variables summarised 
in table 2.
There are statistically significant differences between the 
PHCCT and non- PHCCT cohorts with regard to all six of these 
categorical variables.
The means of the PHCCT and non- PHCCT groups for age 
and ISS were compared using two- sample t- tests although the 
ISS data were log- transformed in order to better satisfy the 
assumption of normally distributed data. The t- tests also showed 
statistically significant differences between the PHCCT and non- 
PHCCT groups (table 3).
The GCS data were not normally distributed (the possible 
values range from 3 to 15 only) and none of the standard trans-
formations (eg, log, square- root etc) were useful in producing 
a bell- shaped curve. Therefore, the differences between the 
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Table 2 Results of proportion tests for categorical variables
Variable
(category for 
proportion)
PhCCT 
(proportion)
non- PhCCT 
(proportion) P value
95% CI for 
difference
Gender (male) 0.73 0.57 <0.01 (0.13 to 0.20)
Patient taken to 
prospective MTC (yes)
0.77 0.33 <0.01 (0.41 to 0.47)
Mode of transport to 
hospital (land)
0.73 0.98 <0.01 (−0.28 to −0.22)
Severe head injury (yes) 0.25 0.17 <0.01 (0.04 to 0.11)
Prehospital intubation 
(yes)
0.27 0.01 <0.01 (0.23 to 0.30)
Major trauma (yes) 0.57 0.20 <0.01 (0.34 to 0.41)
MTC, Major Trauma Centre; PHCCT, prehospital critical care team.
Table 3 Results of two- sample t- tests for continuous variables
Variable
PhCCT
(mean)
non- PhCCT 
(mean) P value
95% CI for 
difference
Age 45.4 55.3 <0.01 (−11.16 to −8.49)
ISS (log- 
transformed)
2.8 2.3 <0.01 (0.52 to 0.61)
ISS, Injury Severity Score; PHCCT, prehospital critical care team.
Table 4 Generalised additive model results for categorical variables 
(model for all patients) with OR of mortality when compared with 
reference group
Variable
Category
baseline OR 95% CI for OR P value
PHCCT No Reference 
(ref.) group
Yes 0.56 (0.36 to 0.86) 0.01
Gender Female Ref. group
Male 0.93 (0.75 to 1.15) 0.50
Prehospital intubation No Ref. group
Yes 2.29 (1.47 to 3.59) <0.01
GCS 13–15 Ref. group
3 53.66 (38.45 to 74.86) <0.01
4–5 17.86 (11.40 to 27.98) <0.01
6–8 5.46 (3.76 to 7.91) <0.01
9–12 3.53 (2.59 to 4.83) <0.01
Prospective Major 
Trauma Centre
No Ref. group
Yes 1.04 (0.85 to 1.26) 0.72
Mode of transport to 
hospital
Air ambulance Ref. group
Land ambulance 1.79 (1.04 to 3.07) 0.04
Severe head injuries No Ref. group
Yes 1.04 (0.84 to 1.29) 0.71
SIMD quintile Quintile 5 Ref. group
Quintile 1 1.41 (1.05 to 1.90) 0.02
Quintile 2 1.20 (0.89 to 1.63) 0.24
Quintile 3 1.10 (0.80 to 1.52) 0.56
Quintile 4 1.11 (0.80 to 1.54) 0.53
Unknown 1.05 (0.73 to 1.51) 0.81
PHCCT, prehospital critical care team; SIMD, Scottish Index of Multiple Deprivation.
PHCCT and non- PHCCT groups for this variable were analysed 
using the Mann- Whitney U- test, the non- parametric equivalent 
of the two- sample t- test. The p- value for the test was <0.01, 
indicating that the distributions of the two groups were signifi-
cantly different.
Multivariate analysis
Following correction for confounding variables by multivariate 
analysis, the mortality rate was lower for the PHCCT group 
compared with the non- PHCCT group. If a patient is treated 
by a PHCCT, then their odds of mortality decrease by a factor 
of 0.56 (p- value=0.01). We also found significant evidence to 
support a link between mortality and age (split by gender), GCS 
and ISS (p- values all <0.01). The ‘effective df ’ for age and ISS 
are greater than 1, indicating that these variables do not have a 
linear relationship with mortality and it was correct to fit them 
in a non- linear manner. These results are summarised in table 4.
dISCuSSIOn
Our results demonstrate a reduction in mortality when trauma 
patients receive physician- led prehospital critical care when 
compared with standard (non- PHCCT) ambulance care. This is 
the first comprehensive national data linkage study undertaken 
in Scotland to attempt to address the identified gaps in evidence 
on the effect of PHCCTs on patient outcomes.
Strengths and weaknesses of the study
Initial recruitment was comprehensive, as STAG inclusion criteria 
(see online supplementary appendix A) should ensure that most 
significantly injured patients who survive to hospital are enrolled 
into the database. No patients were lost to follow- up. These 
positives, however, are tempered by the 2877 patients excluded 
from the study because their level of care was not recorded. 
Statistical analysis suggested that these excluded patients were 
similar to those included, and were therefore likely ‘missing at 
random’, reducing the chances of bias. Of note, our work was 
retrospective, and did not include prehospital deaths.
Data on time from 999 call to arrival in the ED was included in 
the original data set but was excluded from statistical analysis due 
to poor completeness, as detailed previously. There are various 
studies15 16 showing a variable effect of PHCCTs on scene (and by 
implication, prehospital) times in different Emergency Medical 
Services (EMS) systems. In our system, longer prehospital times 
in the PHCCT group do not merely represent a longer transport 
time, but also included extra interventions either at scene or en 
route in a manner probably correlated with case complexity and 
injury severity. PHCCTs are generally looking after patients who 
are more severely injured, as borne out by the relative balances 
of severe head injury and major trauma in the two groups.
There is also some data that a longer prehospital time in a 
system providing prehospital critical care is compensated for by 
a reduced time to hospital interventions like CT scanning—that 
is, that PHCCTs are simply providing important clinical inter-
ventions earlier in a patient’s journey, and that overall they may 
not affect time to definitive care as much as the prehospital time 
suggests.17
There are marked differences in characteristics between the 
PHCCT and routine care cohorts. The methods of dispatch for 
PHCCTs in Scotland aim to send them to more severely injured 
patients identified by specialist staff in the Ambulance Control 
Centre,18 and it is thus expected that the PHCCT cohort had a 
higher ISS. In addition, the lower age and excess of male patients 
seen by the critical care teams likely reflects the fact that high- 
energy trauma is more likely to be incurred by younger men.
There was an excess of patients transported to prospective 
MTCs in the PHCCT cohort. Although we accounted for this 
variable in our multivariate analysis, there is potential that this 
may not have fully adjusted for any fall in mortality engendered 
by better hospital care. This should be taken in context, bearing 
in mind that no Scottish hospitals functioned as true MTCs 
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during the period studied. However, one would expect large- 
volume university hospitals, such as the prospective MTCs, to 
be more familiar with the management of more severely injured 
patients—that is, those who have probably have the most to gain 
from PHCCT care versus standard (non- PHCCT) ambulance 
care.
Strengths and weaknesses in relation to other studies
The published literature on prehospital critical care suggests 
that PHCCTs have positive or neutral outcomes when compared 
with standard (non- PHCCT) ambulance care, depending on the 
nature of the underlying EMS system. Our work joins a number 
of other similar studies, from various countries, in suggesting 
benefit.19 20 As far as we are aware, there is no evidence suggesting 
that PHCCTs are detrimental to patient outcomes.
Most other works on the topic are also retrospective. A 
small number of randomised, prospective studies have been 
performed,21 22 but as physician- led prehospital critical care is 
considered the gold standard in many countries, there may be 
insufficient appetite (or equipoise) for such trials. Even where 
this has been possible, research can be fraught with difficulty. 
The well- designed and well- funded HIRT study22 was affected 
by protocol violations and other logistical difficulties, demon-
strating the potential difficulties of prospective prehospital 
research.
Meaning of the study
PHCCTs augment standard paramedic care delivery with 
advanced interventions. Some interventions, including emer-
gency anaesthesia (PHEA), thoraco(s)tomy, blood transfusion 
and some medications, are not currently within the clinical remit 
of the vast majority of UK ambulance clinicians. PHCCTs also 
offer enhanced experience of managing major trauma, high 
levels of teamwork, training and triage of patients direct to the 
most appropriate hospital. Our study suggests that it is these 
extra interventions and skills which may benefit patients with 
traumatic injuries above and beyond standard ambulance clini-
cian care.
COnCluSIOn
We believe that we offer further evidence of the utility and posi-
tive impact of the care provided by PHCCTs in the treatment of 
seriously injured patients. This study adds to the growing volume 
of literature demonstrating an outcome benefit associated with 
prehospital critical care. This work suggests that the expansion 
of PHCCT hours and locations, so that more of the population 
has timely access to such services, may increase survival after 
injury. Further prospective research is warranted, although this 
may be difficult to carry out.
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